EDITORIAL COMMENT These studies confirm the view that there is an iron-deficiency state in ulcerative colitis and that this overshadows the influence of infection as a factor causing anaemia.
The frequency of anaemia has been well established in the many reported series of patients with ulcerative colitis yet the aetiology of the anaemia is still not fully known. The purpose of this study is first to discover whether low haemoglobin levels are associated with any special features in the case reports of 479 patients (group A) and secondly to investigate an additional 28 ward patients (group B) to ascertain the parts played by iron deficiency, shortening of the red cell life, and lack of vitamin B12 or folic acid.
METHODS
GROUP A The series consisted of a review of the case notes of all in-patients admitted to the Gordon Hospital, London, between January 1950 and October 1963 inclusive because of symptoms due to ulcerative colitis and in whom there was either radiological or histological evidence that the disease had spread beyond the rectum. The following groups of patients were excluded: (1) proctitis only; (2) previous surgical treatment for colitis; (3) carcinoma of colon on admission or developing within the next two years; (4) 21 patients shown in Table I . All live patients are still being followed up; all patients were over 14 years of age on admission apart from two girls aged 10 and 11 years.
The diagnosis was made clinically and confirmed by barium enema and/or histological examination (Dawson and Pryse- Davies, 1959) . Haematological and other values relate to those within 24 hours of the patient's first admission to this hospital with colitis; subsequent admissions are not included. Some patients had previously been admitted to other hospitals. Ten patients had received previous blood transfusions within one month of admission; it is assumed that one pint (540 ml.) raises the haemoglobin by Ig. %, so an appropriate subtraction from the haemoglobin value on admission was therefore made in these cases. The majority did not receive haematinics before admission and owing to lack of data this factor has been disregarded.
Haemoglobin was compared with (1) anatomical area of colon involvement seen on barium enema or after total colectomy; (2) mean corpuscular haemoglobin concentration (M.C.H.C.); (3) white blood count and erythrocyte sedimentation rate (E.S.R.); (4) length of history; (5) 'liver function tests', namely, serum alkaline phosphatase, bilirubin, blood urea, total serum proteins and serum albumin levels; (6) patient's age; and (7) year of admission to hospital. GROUP B All but no. 23 and the last six represented consecutive admissions to the medical unit of the Gordon Hospital. All patients were in an initial attack or a relapse of colitis; none were in remission and none of the female cases had menorrhagia. Further details are given in Table  V and the following investigations were carried out: Serum iron The method of Marrack (Delaney, 1960 ) was used.
Serum total iron-binding capacity (T.l.B.C.) The method of Peters, Giovanniello, Apt, and Ross (1956) was used. Radiochromium ('tCr) studies Labelling of red cells with '1Cr and estimation of their life span was according to the method of Mollison and Veall (1955) except that no corrections were made for elution. Blood loss was measured by the method of Cameron (1960) except that infra-red lamps were used for drying an aliquot of faecal homogenate.
Serum B12 and folate levels These were estimated using Euglena gracilis and Lactobacillus casei respectively. Table LI shows that the greater the extent of colon involvement, the greater is the degree of anaemia; many of the apparent differences are statistically highly significant. (Table IV) or to the length and severity of the acute exacerbation leading to admission (Fig. 1 ). Apart from a significant fall in haemoglobin concentration with lowered serum albumin levels in males, there was also no correlation between the degree of anaemia and the 'liver function tests' (Table III) or the patient's age (Fig. 2) . (Table V) and it was noted that in men the factor lowering serum iron appeared to be the severity and extent of the inflammation whereas in women lower levels were seen below middle age, regardless of the degree of colitis or the time of the menstrual cycle. (Whitby and Brittain, 1957) . The T.I.B.C. results were all within the normal range. Table VI shows 51Cr survival in four patients. In two whose colitis symptoms were improving, the half-time was normal, but in another two cases there was considerable shortening of 51Cr half-time.
RESULTS

GROUP A PATIENTS
Serum B12 levels were all normal, but of 14 patients in whom the serum folate was estimated, one showed a subnormal concentration, while in three other patients the levels were also rather low (Table V) .
DISCUSSION
It is well known that anaemia is a frequent complication of ulcerative colitis and Table VII shows the degree of anaemia reported in other series. Too great a comparison is not possible owing to the different type of case treated in the various centres. In addition, when sexes are combined, a greater percentage of females (as occurs in this country) tends to give lower average haemoglobin levels when compared, for example, with series from the United States where the sex ratio is more equal.
It is a common clinical impression that patients with the whole colon involved by inflammation are iller in every way and it is thus not surprising that a greater degree of anaemia occurred in such (Beutler, 1959) , cancer (Miller, Chodos, Emerson, and Ross, 1956) , and rheumatoid arthritis (Freireich, Ross, Bayles, Emerson, and Finch, 1957) Kirsner, Goldgraber, and Fuentes (1964) also found lower albumin levels in more severely ill patients with colitis.
The mild hepatic dysfunction commonly found in colitis did not otherwise correlate with low haemoglobin levels, but additional anaemia might occur in the event of severe liver failure, as in any other type of liver disease.
Despite having no relationship to the degree of anaemia, Fig. 2 was included to stress that, although colitis symptoms often start in young adults, patients in hospital may be of any age. It was also noted that about a quarter of patients had subnormal blood urea levels, and as a final observation from the group A case reports it was wondered whether disturbances in calcium metabolism might explain the slightly elevated serum alkaline phosphatase levels found in some patients, but little work appears to have been done on this aspect so far.
The lowered serum iron levels in the group B patients (Table V) are similar to those reported by Barr, Delava, and Zetterstrom (1955) and Beal, Skyring, McRae, and Firkin (1963) . Anaemia and hypoferraemia are found in total body iron deficiency ill and also in infections. In the latter state the T.I.B.C. tends to be lowered and iron stores present or increased; in true iron-deficiency anaemia the T.I.B.C. is raised while iron stores are scanty or absent. The distinction between the two types is of practical importance since the anaemia and low serum iron values in infection do not respond to iron therapy (Cartwright and Wintrobe, 1952) .
The normal T.1.B.C. found in colitis might be explained by assuming the presence of both iron deficiency and infection. If infection were a major factor in the production of anaemia, it might be expected that those patients with the highest white blood count and erythrocyte sedimentation rate would have the greatest anaemia, but such a correlation had not been shown (Table III) . To examine iron stores by routine bone marrow aspiration was considered unjustifiable in ill patients unless the result was likely to influence treatment and in only one case was it carried out. In this patient (no. 11) there was almost complete absence of stainable iron as compared to a control using the method of Douglas and Dacie (1953) .
It is believed that these results confirm the widely held view that there-is a definite iron-deficiency state in ulcerative colitis which overshadows any effect due solely to infection. It is hoped later to report on iron isotope studies of this group of patients and to investigate more fully the factors which might cause iron deficiency, such as colonic bleeding.
Shortening of the red cell life (Table VI) (Layrisse, Linares, and Roche, 1965) . Four varieties of haemolytic anaemia have so far been described in colitis. Auto-immune haemolytic anaemia is recorded in women by Lorber, Schwartz, and Wasserman (1955) , Balint, Hammack, and Patton (1963), and Fong, Fudenberg, and Perlmann (1963) while Edwards and Truelove (1964) describe one case in their 624 patients. Secondly, Heinz-body anaemia is reported by Spriggs, Smith, Griffith, and Truelove (1958) almost certainly due to salicylazosulphapyridine therapy. Neither patient no. 15 nor no. 25 were receiving this drug and the latter workers found no Heinz bodies in untreated cases. Thirdly, Holdsworth, Hall, Dawson, and Sherlock (1965) review colitis patients in whom biliary cirrhosis and haemolysis were associated as described in the Case Records of Massachusetts General Hospital (1954) , and by Boden, Rankin, Goulston, and Morrow (1959) and Vinnik and Kern (1963) ; Palmer et al. (1964) also report two further patients.
Details of the haemolytic episodes are, however, scanty but possibly increased red cell destruction may encourage biliary obstruction or alternatively haemolysis may be due to the cirrhosis (Keene, 1966) . As the serum alkaline phosphatase level is generally greatly raised in biliary cirrhosis, it may be of interest that no correlation was found between the concentration of this enzyme and the occurrence of anaemia in group A patients (Table III) . Fourthly, slight shortening of the red cell life was found in colitis by Beal et al. (1963) in patients in remission but this minimal degree of haemolysis may be rather non-specific and be associated with the equally non-specific shortening of red cell life found in iron deficiency (Rasch, Cotton, Griggs, and Harris, 1958) and several inflammatory states. Blood loss from the gut also affects the 51Cr survival curve and this has been allowed for in Table VI , although the validity of Hughes Jones' (1958) correction for this is in doubt as Sheehy and Berman (1960) bled two volunteers 300 ml. each in six days and found the 51Cr curve unaltered.
It is believed that a fifth type of red cell destruction may occur in ill patients with severe colitis as exemplified by patient no. 15. Because of urgent blood transfusions or operation accurate 51Cr studies are often not possible and unfortunately other patients in this series could not be studied. Bassler (1960) stated that the sudden development of anaemia without much rectal bleeding occurred in 1 % of colitis cases; he described five such patients and attributed the anaemia to 'toxic factors' without measuring the red cell life. It seems more likely, however, that these cases were similar to patient no. 15, and it is believed that this type of haemolytic anaemia occurring during an exacerbation of colitis is more common than is generally realized.
From Table V it appears that deficiencies of B12 are unlikely to cause anaemia, and Beal et al. (1963) found normal absorption of 58Co-labelled B12 in three patients, although Salem, Truelove, and Richards (1964) report borderline results in 13 acute cases. Perillie and Nagler (1959) and Edwards and Truelove (1964) describe pernicious anaemia in colitis and the latter suggest that the incidence of the association of the two conditions is greater than that expected by chance.
It also seems unlikely that folic acid deficiency contributed to the anaemia although four out of 14 patients had low serum levels. The low haemoglobin level of patient no. 3 was corrected without folic acid therapy while patient no. 17, with the lowest level, was much undernourished and, as she had thin, friable veins and was very frightened of venepunctures, fuller investigations were avoided.
In conclusion, iron deficiency probably accounted for the anaemia in group B patients, although increased red cell destruction was shown to be an additional factor. It is later hoped to study blood loss and other possible causes of iron deficiency in greater detail.
SUMMARY
Four hundred and seventy-nine reports and an additional 28 ward patients have been studied in order to assess some aspects of the incidence and cause of anaemia in ulcerative colitis.
Anaemia was found to be commoner in women and in patients with the whole colon involved by colitis. The mean corpuscular haemoglobin concentration and the level of serum albumin both fell with the haemoglobin concentration but there was no correlation between the degree of anaemia and length of history, age of patient, white blood count, erythrocyte sedimentation rate, and so-called liver function tests.
Hypoferraemia was commonly found (as reported in other series) and reasons are given for suggesting that there is a true iron-deficiency state in colitis. Red cell survival is discussed and an additional type of case is described in which haemolysis occurred during an acute exacerbation of colitis and was not associated with sulphasalazine therapy nor autoimmune phenomena. There was no evidence that vitamin B12 deficiency contributed to the anaemia and only two out of 14 patients had serum folate levels of 2 m,ug./ml. or less.
